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ABSTRACT Regulations are embedded in the practices of architects and, 
with growing regulatory complexity, particularly in the context of 
energy, understanding the role of regulations in shaping design 
decisions is becoming increasingly important. This paper 
conceptualises the design of buildings as a socio technical process. 
Using Actor Network Theory and controversy mapping techniques, it 
considers in detail how regulations, including non-energy related 
regulations, interact with the design process to shape the energy 
performance of a dwelling for which I was the project architect. In doing 
so the paper reveals that regulations are embedded in the design 
process and their flexibility impacts both upon on the role of architects 
as intermediaries and on the ability to predict performance outcomes on 
site. 
 
The impact that codes and standards have upon on the built environment has 
been widely discussed in recent years, where the design of buildings and 
cities are framed by the legal conditions of regulation.1 Studies have 
illustrated how the practices of architects are intertwined with the structure of 
the regulatory environment and how that environment can be seen as integral 
to the design process rather than being either separate from, or constraining, 
the activity of design.2 
 
Over the last 20 years, regulations and standards in housing in England have 
expanded from dealing primarily with areas of public health and safety such 
as fire, drainage and structure to areas such as accessibility and adaptability, 
security, design quality and energy.3 With this expansion in regulation, it is 
becoming increasingly important that we understand how regulations are 
shaping design practice. However, in studies of building regulations, limited 
attention has been paid to theoretical descriptions or applications of findings, 
or research that looks in detail at the impact of regulations on the design 
process.4 This is despite calls for such studies.5  
 
Energy is one area where there has been a significant expansion in 
regulation. In the UK, 9.4% of all carbon dioxide emissions relate to the 
heating of housing.6 With greenhouse gas emissions linked to global climate 
change and embedded in international carbon reduction targets, ensuring that 
new houses in the UK reduce their carbon emissions has been a focus for 
successive governments. In 2006, the UK government committed that all new 
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build homes in England would be ‘zero carbon’ by 2016.7 This is being 
delivered through incremental improvements to guidance for building 
regulations, the most recent published in 2014.  
 
Despite this ambition, there is increasing evidence of a gap between the 
energy performance of completed buildings and the regulatory models used to 
predict performance.8 Research on this ‘performance gap’ has revealed that 
the causes are related to decisions that occur throughout the design, 
construction and occupation of homes.9 However this research focuses on 
comparing how buildings work on completion with design predictions and 
there has been limited work looking in detail at how the design process 
contributes to this gap.  
 
The energy performance of a building is not stable through the design process 
because it is a function of the performance of the building fabric, its 
mechanical systems and the behaviour of its occupants. It varies as a result of 
changes to the design or specification of the building. As with any design 
change, this may be due to issues such as changing client briefs, value 
engineering or construction sequencing. In addition, as regulations are 
embedded in the activities of architects and influence design outcomes, 
changes in energy performance are also due to regulations including non-
energy related regulations. Therefore, revealing how and why these changes 
occur would enable a better understanding of the role of regulation in the 
design process and its contribution to the performance gap. 
 
Recent work by Yaneva on controversy mapping, a research method 
developed out of Actor Network Theory and applied to investigate design 
processes in architecture, has provided a method to understand how different 
human and material-object 'actors' (client, design team, contractor, drawings, 
models, materials and various regulations) come together to shape design 
decisions.10 This method offers the potential to reveal how regulations and 
other actors shape design decisions, and therefore energy performance, as 
part of a wider context. 
 
This paper is intended to add to the evidence on how regulations influence the 
design process in the context of energy through a detailed evaluation of a 
housing project for which I was the project architect. Using controversy 
mapping, it will reveal how different actors shape the energy performance of a 
building and the performance on completion and in doing so will also offer 
some observations of the role of the architect in the design process and 
contribute to the debate about how to best regulate. First, I will set out the 
current regulatory context with regard to energy and the causes of the 
performance gap. Second, I will discuss in what ways regulations are shaping 
the work of architects and the potential for them to define new roles under 
certain conditions. Third, I will examine how regulations can be understood as 
part of a socio-technical network and, drawing on Actor Network Theory and 
controversy mapping, outline a methodology for interrogating the design 
process. Finally, I will conceptualise and illustrate, using a case study for 
which I was the project architect, how regulations interact with the design of 
buildings illustrating the different ways in which regulations are enacted in 
practice and the impact of this on the performance gap and the role of 
architects. 
 
Energy regulations and the performance gap 
The UK government’s 2006 commitment that all new build homes in England 
will be zero carbon by 201611 is being delivered through incremental 
improvements to Part L1A, the guidance document that sets out how to 
comply with building regulations. Part L1A adopts a performance-based 
approach that uses an energy model called the Standard Assessment 
Procedure (SAP) to produce an overall energy performance prediction of a 
home. Prior to 2006, Part L set performance targets for individual elements of 
the building such as windows, walls or services. However SAP allows 
flexibility in the performance of individual elements as long as the overall 
performance target is met. This means that, through the design of a building, 
it is possible to negotiate the energy performance of individual elements 
against other issues such as cost or visual appearance. 
 
However, there have been a number of studies that have identified that new 
houses are not performing to the same energy standard they are predicted to 
do by the Standard Assessment Procedure.12 Causes for the performance 
gap have been identified as a result of failures in the fabric of the house, in 
problems with design, installation, commissioning and use of mechanical 
systems and in variations in user behaviour.13 Often the causes are not just a 
result of one factor but due to complex interactions between building fabric, 
mechanical services and the behaviours of householders which occur 
throughout the design, construction and use of a building. The performance 
gap associated with the fabric energy efficiency of the house (the 
performance of the material and mechanical elements without the interaction 
of the user) has received particular focus in the UK as it forms part of the 
definition of zero carbon homes from 2016 and has been identified as a major 
contributor to the overall performance gap in housing.14 Of the limited number 
of tests on dwellings using the co-heating test method which measures fabric 
energy efficiency of dwellings, none of the buildings tested meet their design 
performance with some houses underperforming by up to 120%.15 Work by 
the Zero Carbon Hub, which has operational responsibility for delivering the 
government’s target, has set out a range of recommendations for industry and 
government to reduce the performance gap. These include increasing 
regulation in areas such as post completion monitoring and improving the 
predictive regulatory energy models.16 
 
However, research into the performance gap focuses on looking at the 
performance of homes at completion, rather than design intentions through 
the use of building performance evaluation techniques, without a detailed 
study of the design process. In addition there is limited consideration given to 
how regulations work in the design process. 
 
Architects and regulations 
Research into the impact of regulations on the practice of architects has 
revealed a complex relationship between design and regulations. Rather than 
being transmitted and followed, regulations in practice have been shown to be 
a constituent part of the activity of an architect.17 Imrie is explicit in exploring 
the interrelationship between architects’ practices and regulations showing 
how regulations have the potential to directly influence the design process.18 
He highlights how regulations on issues such as accessibility and energy 
have led to changes in the form of buildings. However, these changes are not 
the result of a direct implementation of the regulations on the form of the 
building but rather the interpretation of regulations by a network of social and 
material actors which are particular to specific project contexts.  
 
Through interviews with architects, he illustrates that they understand 
regulations as being embedded in the process of design and are translated 
through interactions with the material context of the building and the social 
context of the design team and enforcement officers. It is the messy and 
complex nature of designing buildings that shapes how regulations are 
implemented in practice. Fischer and Guy go further by exploring how, in the 
context of regulations on energy efficiency, it is the negotiation between 
design team members and regulations that shapes the design outcomes. 
They emphasise that it is the project’s contexts which are important in 
understanding how regulations are enacted.19 They suggest that, under the 
right conditions, architects could operate as intermediaries, particularly in 
situations were there is complexity and weak enforcement regimes. They 
suggest that  
 
The challenge … is for architects to look beyond their traditional role 
and reinvent themselves as interpretive intermediaries, thereby 
escaping their perceived inability to act within existing constraints.20 
 
Importantly, they highlight the potential of the architect to act as ‘interpretive 
intermediaries’.21 This means using the uncertainty and flexibility of 
regulations in specific project contexts to mediate between differing goals of 
actors such as engineers or contractors. Acting as an intermediary has the 
potential to reinforce the importance of the role of the architect as part of the 
design process. Understanding the different conditions in which regulations 
are translated into the design of buildings offers the potential to understand 
new roles for architects. 
 
Studying regulations in the design process 
There have been a small but increasing number of studies of buildings as 
socio-technical regimes where the material and social contexts of design are 
seen as part of a single network. These studies have shed light on the tools, 
methods, social contexts and cultures of designers and engineers.22 
 
The enactment of regulations in housing is dependent on the relationship 
between social and material contexts. Therefore, analysing the design and 
construction of buildings as a sociotechnical process has the potential to 
reveal how regulations are translated into design. Actor-network Theory (ANT) 
provides a theory and a methodology which can be applied to the design and 
construction process, viewing buildings as socio-technical objects.23 Originally 
developed out of Science and Technology Studies as a method to study 
science and technology, it has been widely applied to engineering practices 
and more recently the design of buildings.24 From an ANT perspective, the 
design of buildings and therefore their energy performance is distributed 
between human actors (for example architects and contractors) and non-
human actors (for example regulations and materials).  This network of 
human and non-human actors collect around controversies, which is the point 
at which a piece of technology (or building) is not yet stabilised or ‘black 
boxed’.25 This is refers to the way in which the internal operation of 
technology is not questioned: “when a machine runs efficiently, when a matter 
of fact is settled, one need focus only on its inputs and outputs and not on its 
internal complexity”.26 
 
Controversy mapping is a more recent application of Actor Network Theory 
which involves the representation of these networks over time to reveal how 
different actors come together to shape the technical or scientific project.27 
The objective of controversy mapping is to use cartographic methods to 
represent actors’ disagreements over “matters of concern” in controversies.28 
These are the issues around which actors disagree and it is the process by 
which matters of concern are closed that reveals how objects are made. The 
design process of buildings is well suited to this type of examination as it is 
precisely through the negotiations between clients, design teams, contractors, 
sub-contractors drawings, models, building components and various 
regulations that buildings are designed. Recent work by Yaneva has 
illustrated the potential of this method in the context of architecture.29 
However, controversy mapping in architecture has focused mainly on 
mapping networks and representing these relationships in network diagrams 
without connecting this directly to changes in the design of buildings. In 
addition, the data collected from projects has been limited to looking at openly 
available online data mainly connected to large public controversies such as 
the Olympic Stadium in London.30 This therefore limits the perspectives one 
can view the controversy from and makes it difficult to trace the connections 
to design changes. What follows aims to illustrate how these networks shape 
the design project and specifically the energy performance of the building 
using data gathered from project archives and interviews and linking this to 
design changes, as such is a new application of this method. 
 
Energy efficiency as an example 
Taking the example of a house for which I was the project architect the 
following sections of the paper will illustrate how regulations can operate in 
the design process in the context of energy efficiency. The intention is to 
examine how regulations interact, how this may contribute to the performance 
gap and offer some insights into when Architects can act as intermediaries. 
 
The project under study comprises two prototype houses in York designed to 
test ways to reduce the gap between the regulatory prediction of performance 
and the performance on site (Figure 1). Over the course of two years, I was 
engaged in the design and construction process attending all design team and 
client meetings as well working as part of a team in the office to develop the 
designs for the project. My own observations were combined with a detailed 
study of project archives from the client, contractor, architect, environmental 
engineer, and building performance assessors as well as interviews with the 
design team. These observations from multiple perspectives enabled me to 
develop “second degree objectivity” whereby it was possible to reveal and 
represent the many contradictory positions of the actors in the controversy.31 
 
In order to understand how regulations influenced the design decisions, I 
identified when and why the energy performance changed through mapping 
the energy controversy following the approach described by Venturini.32 This 
was done by following the actors to identify when and why the energy 
performance changed by representing information from interviews, emails, 
drawings, specifications, programmes, cost plans, energy models, contracts 
and other key documents. Additionally, a construction and post-completion 
survey that reported on the tested performance of the building on completion 
and identified key construction defects was also referred to. This enabled me 
to see all decisions that shaped energy performance including those related to 
regulation. 
 
The changing energy performance predictions for the project over time were 
modelled using the evolving architect’s specifications and drawings as a data 
source. This was because they represented the approved information for the 
design project throughout the design and construction process. The energy 
models analysed only the fabric energy efficiency and were consistent with 
the calculation method used in the current regulatory energy model.33 
 
Interpreting sociotechnical systems 
An illustration of the changing fabric energy performance over the project 
timeline for one of the houses is provided in Figure 2. Each point on the graph 
is a matter of concern that impacted on it. Point 32 on the graph illustrates the 
as-built test results of the house and therefore the performance gap. Table 1 
illustrates each matter of concern and the actors involved. In order to 
understand the role of the architect in mediating changes in fabric energy 
efficiency (acting as interpretive intermediaries) it is insufficient to understand 
only that changes have happened. From an ANT perspective, it is important 
also to describe how the actors came together in each matter of concern. 
Callon and Latour34 suggest it is at these points that actors are enrolled into 
projects through the process of translation.35 This involves the alignment of 
individual interests or goals whereby they become allies in a project enabling 
it to move forward.36 In Padora’s Hope (Figure 3), Latour describes this as the 
point where two actors come together and there is a “translation of their goals 
which results in a composite goal that is different from the two original 
goals”.37 Hence in figure 3, actor 1 and actor 2’s goals are translated to make 
a new composite goal, goal 3.  
 
Returning to Guy and Fisher’s work, they suggest that the mediation between 
different actors offers an opportunity for architects to act as ‘intermediaries’ 
working between different professional contexts, interpreting regulatory 
requirements.38 One would assume then when interrogating each matter of 
concern we could see the architect facilitating the mediation between actors 
goals. However, in examining the data, mediation whereby there was a 
translation of goals occurred very rarely.  
 
There were instances where different actors’ goals were not translated until 
after the project was completed which contributed to the performance gap. 
One example was the translation of goals between the energy model and the 
timber frame construction system. During design development no detailed 
drawings of the floor junction from the timber frame subcontractors were 
provided. The result was that the thermal performance of this detail was taken 
as a standard value and not accurately accounted for in the energy models. 
When the house was tested this junction performed worse than assumed and 
contributed to the gap in performance (Figure 2, point 32). In the development 
of the design, the primary concern was how to fix the timber frame to the 
ground. However, when the house was tested, the energy performance of the 
junction became relevant to the overall performance. The actors (the timber 
frame and energy model) moved from what Latour would term ‘disinterest’ to 
alignment in order to account for the performance gap. This lack of 
communication between actors during the design process has been typically 
attributed to the performance gap in housing.39 As Henderson has highlighted, 
one of the greatest challenges in complex technical situations is making 
visible the dependencies that are important.40 In this instance, the architect 
was not able to act as an intermediary as the matter of concern only emerged 
on completion of the building. But even when these matters of concern were 
visible and part of the design process it was not always possible to mediate 
between goals. 
 
An example of not being able to mediate goals is when the design was 
updated to reflect the requirements of Lifetime Homes standards, a regulation 
that sets minimum requirements for accessibility which allow for the 
adaptation of a dwelling for disability. Early in the project it was necessary  
comply with Lifetime Homes standards by providing a disabled accessible 
downstairs bathroom and wider corridors (Figure 2, point 5). The change 
needed to be accommodated within the form of the current design as this had 
been used in pre-planning consultation discussions with the planning officer. 
The redesign resulted in a more complex geometry on the ground floor which 
the design team were aware would cause problems with airtightness but were 
not able to resolve because they could not change the appearance of the 
building. This did result in a number of difficult airtightness details at the 
entrance that caused problems during construction (as evidenced in the three 
pressure tests that were undertaken) and contributed to the performance gap 
on completion (Figure 2, points 27, 28 and 29). Here, as the Architect, I was 
not able to mediate between the regulatory requirements because they were 
not flexible. It was not possible to negotiate issues of external appearance, as 
these had been agreed in discussions with the planners, or the requirements 
of Lifetime Homes, as these were set as national standards.  
 
A lack of translation of actors’ goals and therefore enrolment into the project is 
what Latour attributes to the failure of technological projects to become 
“objects”. He uses the example of Aramis, a personal rapid transit system for 
Paris.41 However, unlike with Aramis, the lack of translation of actor goals did 
not stop the project although it did contribute performance issues on 
completion. It was necessary to discard the goals of the architect to have a 
simple building form in order to enroll more actors into the project (Lifetime 
Homes Standard and the planning officer) without which the project could not 
move forward. 
 
There are other examples of actors’ goals not being translated in the design 
process which did not, however, contribute to a gap in energy performance. 
This is best illustrated in relation to the development of the design of the 
windows. The initial specification of the windows was developed by the 
environmental engineer who suggested the minimum thermal performance 
should be equivalent to Passive House standard (Figure 2, point 6). However, 
after the planning submission, the architects were “novated” to work for the 
contractor. Whereas before the goal had been to create the best performing 
building, the contractor’s goal was to reduce costs. They instructed me to 
produce a revised specification which included a proposal for a double glazed 
window offered as a cost saving and as a way of supporting a local business 
(Figure 2, point 9). The controversy soon shifted again as the local supplier 
was not able to meet a national security standard ‘Secured by Design’ which 
was required as a funding requirement for the client. Additionally, the window 
sizes in the approved planning drawings were larger than the maximum size 
that the firm could make due to the warranties they had in place. In order to 
enrol all the actors (planning drawings, Secured by Design standards, 
warranties, the client and the contractor), a double glazed unit sourced from a 
continental European manufacturer was selected and incorporated into the 
specification which met all the regulatory standards and was better performing 
than the local supplier’s window but which remained cheaper and poorer 
performing than the triple glazed window (Figure 2, point 11). Later in the 
design process, the window opening mechanism had to be amended to 
comply with Lifetime Homes which located all the handles at the bottom of the 
windows (Figure 2, point 14). This resulted in an improvement in thermal 
performance of the window. At each step, the controversy over the window 
changed as actors with different goals joined the project. However, there was 
no mediation of some of the actors’ goals with that of the energy performance 
of the window. As the performance of the window was flexible and the other 
regulations such as Lifetime Homes were prescriptive (and inflexible), the 
requirements of these regulations were transported into the project and 
superseded the current design proposal resulting in an unpredictable change 
in energy performance.  
 
This illustrates the most common type of change in fabric energy efficiency in 
the design process where two actors came together and there was not a 
mediation of goals but rather one goal superseded the other. In these 
instances, the architect is not acting as an “intermediary” and reinterpreting 
regulations as the standards and regulations are not flexible. 
 
The situations where there was a translation of goals and the architect took on 
a mediator role and was able to “re-interpret regulations” occurred in very few 
instances.  
 
An example of this was the discussions between myself and the timber frame 
manufacturers regarding the methodology to calculate heat losses from 
thermal bridges (Figure 2, point 19). Recent research had shown that timber 
frame buildings were performing worse due to higher levels of heat losses 
through thermal bridges and the use of a British Standard for timber content in 
timber frames which was not appropriate.42 However there was no national 
guidance in place at the time, uncertainty over how to calculate thermal 
bridges, and a lack of clarity about the accreditation of the particular system 
being discussed. As a result there were no clear standards and the energy 
performance of the thermal bridges in the timber frame had to be negotiated 
between the supplier and the architect. The outcome was an energy 
performance that closely matched the timber frame system and therefore did 
not contribute to the performance gap on completion. It was possible to 
mediate between the goals of the supplier, the construction system, the 
regulations that were in flux and the regulatory energy model.  
 
Another example was the design of the airtightness membrane in the roof 
where small models were produced to illustrate the location of the membrane 
in order to achieve the continuity of the airtightness line (Figure 2, point 15). 
These models were used in discussions at design team meetings but also on 
site with operatives (Figure 4). Here, the goals of different actors, the 
construction system, site operatives and air tightness membrane were 
translated to find the best design solution. It was possible to do this as these 
issues were in control of the design team (location and specification of 
materials) and therefore the power to mediate was at a very local level. Unlike 
in the previous examples, it was possible to mediate between actors’ goals 
either because the power resided very locally to the project (the design of the 
airtightness membranes) or because there was flexibility and uncertainty in 
the application of regulations forcing a discussion on how to achieve 
compliance (the calculation of thermal bridges).  
 
Conclusion 
When tracing changes to the energy efficiency of the building fabric in this 
project, it is evident that they arose as a result of the interactions between 
clients, design teams, contractors, sub-contractors drawings, models, building 
components and various regulations. Regulations influenced design 
throughout the whole timeline of the project suggesting that they are 
embedded into the practices of architects. This reinforces findings by other 
scholars that the process of design cannot be separated from the influence of 
regulations.  
 
Reasons for changing fabric energy efficiency normally resulted from matters 
of concern that were not related to improving energy efficiency and were 
related to regulations, although not necessarily regulations related to energy. 
In this project, the regulatory energy model (SAP) did not have any influence 
on the design decisions as the houses were performing better than the 
minimum requirement in the regulations and therefore there was never a need 
to make changes to the design to achieve compliant performance. In other 
projects closer to the regulatory minimum, it is likely that this would be the 
case. However, the fact that non-energy related matters of concern including 
those involving regulation were shaping the energy performance suggests 
that the way in which regulations are translated into practice is much more 
complex than is suggested in literature.  
 
The causes of the energy performance gap identified above are currently 
attributed to the lack of knowledge and skills of different actors and a weak 
enforcement regime with a desire to increase regulation to reduce the gap. 
However the gap is related to the ability to translate goals of all actors 
(including regulations not associate with energy efficiency) into the final 
project. Where actors’ goals are not part of the design process or cannot be 
mediated due to their inflexibility, a gap will arise between prediction and 
performance.  
 
This paper illustrates how more prescriptive regulation which does not allow 
for any flexibility may not be a solution to reduce the performance gap as it 
can lead to an unpredictable design process where goals of regulations are 
transported into the design of projects without being translated; for example, 
the relocation of handles on windows for disabled access that changed their 
thermal performance. Although prescriptive regulations have been shown to 
deliver more predicable outcomes on site, in this project the prescriptive 
regulations acted to override the performance requirements or simply did not 
allow for mediation between actors goals.43 At worst, tighter prescriptive 
regulation could also contribute to the performance gap where it is not 
possible to resolve the conflicts of competing regulations; for example the 
need to incorporate Lifetime Homes standards while respecting planning 
drawings which created a complex geometry and problems with airtightness. 
 
Here we can see how, when regulations are controlled from outside of the 
project, they are not mediated. Latour would suggest that these actors need to 
be given due political process to be included in the project.44 Very often this is 
not possible when the standards do not allow for negotiation. However 
regulations also provide balances against interests of other actors in the 
design process. Therefore careful consideration needs to be given to the 
amount and type of flexibility in regulations. True mediation and translation of 
actors’ goals only occurs where there is provisionality and uncertainty, and 
therefore flexibility, in regulations or they are controlled very locally. Here the 
architect is able to act as a mediator and re-interpret regulations. By doing 
this, it is possible to mediate between actors’ goals and hence give more 
certainty to outcomes on site. This provides an insight into possible models 
where the value of the architect as mediator can be realised. 
 
This paper also illustrates how energy efficiency in housing is not a stabilised 
object (or a “black box”, in Latour’s terms). Rather, energy efficiency in 
housing is fluid and shaped by ‘matters of concern’. Understanding how these 
matters of concern shape the energy performance of a building through the 
design process and beyond will help to reveal ways in which we can improve 
the energy performance of buildings. 
 
The use of controversy mapping in the context of fabric energy efficiency is a 
new application of the method. Controversy mapping, although effective in 
illustrating matters of concern and actors involved in projects, has been less 
successful in showing the impact of controversies on the design of buildings 
over time. As fabric energy efficiency is a function of the performance of all of 
the material elements of a project it provides a helpful analogue for design 
changes through a project. Therefore using this application of controversy 
mapping to illustrate design changes has potential not only for understanding 
how energy efficiency changes but how design process can be studied more 
generally.  
 
This paper is a small step in uncovering the relational characteristics of 
regulation in the design process. However much more comparative work is 
needed to understand the many different contexts and cultures that exist 
across design practice.  
 
-------- 
 
Simon Bradbury is an architect and academic. He is the program leader for 
the Master of Architecture course at Plymouth University. He was trained as 
an architect at Cambridge University, the Massachusetts Institute of 
Technology and the Architectural Association. He has a background in both 
practice and government and his research work is interested in investigating 
the socio-technical configurations of low energy housing, design process and 
regulation. 
 
 
Notes 
                                               
1 Eran Ben-Joseph, The Code of the City: Standards and the Hidden 
Language of Place Making (The MIT Press, 2005); Rob Imrie, ‘The Role of 
the Building Regulations in Achieving Housing Quality’, Environment and 
Planning B: Planning and Design 31, no. 3 (2004): 419–37; R. Imrie, ‘The 
Interrelationships between Building Regulations and Architects’ Practices’, 
Environment and Planning B Planning and Design 34, no. 5 (2007): 925; 
Jeroen van der Heijden and Jitske de Jong, ‘Towards a Better Understanding 
of Building Regulation’, Environment and Planning B: Planning and Design 
36, no. 6 (2009): 1038–52, doi:10.1068/b34120.; Rob Imrie and Emma Street, 
‘Risk, Regulation and the Practices of Architects’, Urban Studies 46, no. 12 
(11 January 2009): 2555–76; Rob Imrie and Emma Street, Architectural 
Design and Regulation, 1st edition (Chichester, West Sussex, UK; Ames, 
Iowa, USA: Wiley-Blackwell, 2011). 
2 Imrie and Street, Architectural Design and Regulation. 
3 Imrie, ‘The Role of the Building Regulations in Achieving Housing Quality’. 
4 Van der Heijden and De Jong, Towards a Better Understanding of Building 
Regulation. 
5 Imrie and Street, ‘Risk, Regulation and the Practices of Architects’. 
6 Department for Environment Food & Rural Affairs, ‘UK’s Carbon Footprint 
1997 - 2012’ (Department for Environment Food & Rural Affairs, 2012), 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/
414180/Consumption_emissions_Mar15_Final.pdf. 
7 Department for Communities and Local Government, ‘Building a Greener 
Future: Towards Zero Carbon Development - Consultation’, Publication 
(Consultation documents), (13 December 2006), 
http://webarchive.nationalarchives.gov.uk/20120919132719/www.communitie
s.gov.uk/archived/publications/planningandbuilding/buildinggreener. 
                                                                                                                                      
8 Zero Carbon Hub, ‘Defining a Fabric Energy Efficiency Standard for Zero 
Carbon Homes’ (Zero Carbon Hub, 2009), 
http://www.zerocarbonhub.org/resourcefiles/ZCH-Defining-A-Fabric-Energy-
Efficiency-Standard-Task-Group-Recommendations.pdf. 
9 M. Bell, ‘Carbon Compliance for Tomorrow’s New Homes, a Review of the 
Modelling Tool and Assumptions. Topic 4, Closing the Gap between Designed 
and Built Performance’ (Zero Carbon Hub, 2010), 
http://www.zerocarbonhub.org/resourcefiles/TOPIC4_PINK_5August.pdf. 
10 Albena Yaneva, Mapping Controversies in Architecture (Ashgate 
Publishing, Ltd., 2012); Bruno Latour, Reassembling the Social: An 
Introduction to Actor-Network-Theory (Oxford: Oxford University Press, 2005). 
11 Department for Communities and Local Government, ‘Building a Greener 
Future’. 
12 Bell, ‘Carbon Compliance for Tomorrow’s New Homes, a Review of the 
Modelling Tool and Assumptions. Topic 4, Closing the Gap between Designed 
and Built Performance’; Zachary M. Gill et al., ‘Low-Energy Dwellings: The 
Contribution of Behaviours to Actual Performance’, Building Research & 
Information 38, no. 5 (2010): 491; Nigel Isaacs et al., ‘Energy in New Zealand 
Houses: Comfort, Physics and Consumption’, Building Research & 
Information 38, no. 5 (2010): 470; R.J. Lowe et al., ‘Evidence for Heat Losses 
via Party Wall Cavities in Masonry Construction’, Building Services 
Engineering Research and Technology 28, no. 2 (1 May 2007): 161–81; Fionn 
Stevenson and Adrian Leaman, ‘Evaluating Housing Performance in Relation 
to Human Behaviour: New Challenges’, Building Research & Information 38, 
no. 5 (2010): 437; Fionn Stevenson and Hom B. Rijal, ‘Developing Occupancy 
Feedback from a Prototype to Improve Housing Production’, Building 
Research & Information 38, no. 5 (2010): 549; Terry Williamson, Veronica 
Soebarto, and Antony Radford, ‘Comfort and Energy Use in Five Australian 
Award-Winning Houses: Regulated, Measured and Perceived’, Building 
Research & Information 38, no. 5 (2010): 509; J. Wingfield et al., ‘Elm Tree 
Mews Field Trial – Evaluation and Monitoring of Dwellings Performance’ 
(Leeds Metropolitan University, Centre for the Built Environment, 2011), 
http://www.leedsmet.ac.uk/as/cebe/projects/elmtree/elmtree_finalreport.pdf. 
13 Lowe et al., ‘Evidence for Heat Losses via Party Wall Cavities in Masonry 
Construction’; Dominic Miles-Shenton et al., ‘Temple Avenue Field Trial 
Evaluation of Design and Construction Process and Measurement of Fabric 
Performance of New Build Dwellings’, 2012, 
http://www.leedsmet.ac.uk/as/cebe/projects/tap/tap_part1.pdf; Wingfield et al., 
‘Elm Tree Mews Field Trial – Evaluation and Monitoring of Dwellings 
Performance’. 
14 Zero Carbon Hub, ‘Defining a Fabric Energy Efficiency Standard for Zero 
Carbon Homes’; Bell, ‘Carbon Compliance for Tomorrow’s New Homes, a 
Review of the Modelling Tool and Assumptions. Topic 4, Closing the Gap 
between Designed and Built Performance’. 
15 Bell, ‘Carbon Compliance for Tomorrow’s New Homes, a Review of the 
Modelling Tool and Assumptions. Topic 4, Closing the Gap between Designed 
and Built Performance’. 
16 Zero Carbon Hub, ‘Defining a Fabric Energy Efficiency Standard for Zero 
Carbon Homes’. 
                                                                                                                                      
17 Imrie and Street, ‘Risk, Regulation and the Practices of Architects’; Imrie 
and Street, Architectural Design and Regulation; Jan Fischer and Simon Guy, 
‘Re-Interpreting Regulations: Architects as Intermediaries for Low-Carbon 
Buildings’, Urban Studies 46, no. 12 (1 November 2009): 2577–94; Imrie, ‘The 
Interrelationships between Building Regulations and Architects’ Practices’. 
18 Imrie, ‘The Interrelationships between Building Regulations and Architects’ 
Practices’. 
19 Fischer and Guy, ‘Re-Interpreting Regulations’, 1 November 2009. 
20 Ibid. 
21 Jan Fischer and Simon Guy, ‘Re-Interpreting Regulations: Architects as 
Intermediaries for Low-Carbon Buildings’, Urban Studies 46, no. 12 (11 
January 2009): 2592. 
22 Mike Bresnen, ‘Keeping It Real? Constituting Partnering through Boundary 
Objects’, Construction Management and Economics 28, no. 6 (2010): 615; 
Boris Ewenstein and Jennifer K. Whyte, ‘Visual Representations as “artefacts 
of Knowing”’, Building Research & Information 35, no. 1 (February 2007): 81–
89; Chris Harty, ‘Implementing Innovation in Construction: Contexts, Relative 
Boundedness and Actor-Network Theory’, Construction Management and 
Economics 26, no. 10 (2008): 1029; Kjell Tryggestad, Susse Georg, and Tor 
Hernes, ‘Constructing Buildings and Design Ambitions’, Construction 
Management and Economics 28, no. 6 (2010): 695–705; Jennifer Whyte and 
Sunila Lobo, ‘Coordination and Control in Project‐based Work: Digital Objects 
and Infrastructures for Delivery’, Construction Management and Economics 
28, no. 6 (June 2010): 557–67; Albena Yaneva, Made by the Office for 
Metropolitan Architecture: An Ethnography of Design (010 Publishers, 2009). 
23 Latour, Reassembling the Social. 
24 Bruno Latour and A Yaneva, ‘Give Me a Gun and I Will Make All Buildings 
Move: An ANT’s View of Architecture’, In Geiser, Reto (ed.), Explorations in 
Architecture: Teaching, Design, Research, Basel: Birkhäuser, 2008, 80–89; A 
Yaneva, ‘How Buildings “Surprise”: The Renovation of the Alte Aula in 
Vienna’, n.d. 
25 Tommaso Venturini, ‘Diving in Magma: How to Explore Controversies with 
Actor-Network Theory’, Public Understanding of Science 19, no. 3 (5 January 
2010): 258–73. 
26 Bruno Latour, Pandora’s Hope: Essays on the Reality of Science Studies 
(Cambridge, Mass.: Harvard University Press, 1999), 304. 
27 Yaneva, Mapping Controversies in Architecture. 
28 Venturini, ‘Diving in Magma’. 
29 Yaneva, Mapping Controversies in Architecture. 
30 Ibid. 
31 Venturini, ‘Diving in Magma’. 
32 Ibid. 
33 B. R. Anderson et al., Bredem - BRE Domestic Energy Model: Background, 
Philosophy and Description (IHS BRE Press, 1985). 
34 Michel Callon and Bruno Latour, ‘Unscrewing the Big Leviathan: How 
Actors Macro-Structure Reality and How Sociologists Help Them to Do so’, 
Advances in Social Theory and Methodology: Toward an Integration of 
Microand Macro-Sociologies, 1981, 277–303. 
35 Ibid. 
                                                                                                                                      
36 Miles-Shenton et al., ‘Temple Avenue Field Trial Evaluation of Design and 
Construction Process and Measurement of Fabric Performance of New Build 
Dwellings’. 
37 Latour, Pandora’s Hope, 179. 
38 Latour, Pandora’s Hope. 
39 Zero Carbon Hub, ‘Defining a Fabric Energy Efficiency Standard for Zero 
Carbon Homes’. 
40 Kathryn Henderson, ‘Flexible Sketches and Inflexible Data Bases: Visual 
Communication, Conscription Devices, and Boundary Objects in Design 
Engineering’, Science, Technology & Human Values 16, no. 4 (1 October 
1991): 448–73 
41 Bruno Latour, Aramis: Or the Love of Technology (Cambridge, Mass: 
Harvard University Press, 1996). 
42 Wingfield et al., ‘Elm Tree Mews Field Trial – Evaluation and Monitoring of 
Dwellings Performance’. 
43 Simon Guy and Graham Farmer, ‘Reinterpreting Sustainable Architecture: 
The Place of Technology’, Journal of Architectural Education 54, no. 3 (1 
February 2001): 140–48, 
44 Latour, Reassembling the Social. 
 
References 
 
Anderson, B. R., A. J. Clark, R. Baldwin, and N. O. Milbank. 1985. Bredem - 
BRE Domestic Energy Model: Background, Philosophy and Description. IHS 
BRE Press. 
Bell, Malcolm. 1985. ‘Carbon Compliance for Tomorrow’s New Homes, a 
Review of the Modelling Tool and Assumptions. Topic 4, Closing the Gap 
between Designed and Built Performance’. Zero Carbon Hub. 
http://www.zerocarbonhub.org/resourcefiles/TOPIC4_PINK_5August.pdf. 
Ben-Joseph, Eran. 2005. The Code of the City: Standards and the Hidden 
Language of Place Making. The MIT Press. 
Bresnen, Mike. 2010. ‘Keeping It Real? Constituting Partnering through 
Boundary Objects’. Construction Management and Economics 28, no. 6: 615.  
Callon, Michel, and Bruno Latour. 1981. ‘Unscrewing the Big Leviathan: How 
Actors Macro-Structure Reality and How Sociologists Help Them to Do So’. 
Advances in Social Theory and Methodology: Toward an Integration of 
Microand Macro-Sociologies. 277–303. 
Department for Communities and Local Government. 2006. ‘Building a 
Greener Future: Towards Zero Carbon Development - Consultation’. 
http://webarchive.nationalarchives.gov.uk/20120919132719/www.communitie
s.gov.uk/archived/publications/planningandbuilding/buildinggreener. 
Department for Environment Food & Rural Affairs. 2012. ‘UK’s Carbon 
Footprint 1997 - 2012’. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/
414180/Consumption_emissions_Mar15_Final.pdf. 
Ewenstein, Boris, and Jennifer K. Whyte. 2007. ‘Visual Representations as 
“Artefacts of Knowing”.’ Building Research & Information 35, no. 1 (February): 
81–89. 
                                                                                                                                      
Fischer, Jan, and Simon Guy. 2009. ‘Re-Interpreting Regulations: Architects 
as Intermediaries for Low-Carbon Buildings’. Urban Studies 46, no. 12 (11 
January): 2577–94. 
Fischer, Jan, and Simon Guy. 2009. ‘Re-Interpreting Regulations: Architects 
as Intermediaries for Low-Carbon Buildings’. Urban Studies 46, no. 12 (1 
November 2009): 2577–94.  
Gill, Zachary M., Michael J. Tierney, Ian M. Pegg, and Neil Allan. 2010. ‘Low-
Energy Dwellings: The Contribution of Behaviours to Actual Performance’. 
Building Research & Information 38, no. 5: 491.  
Guy, Simon, and Graham Farmer. 2001. ‘Reinterpreting Sustainable 
Architecture: The Place of Technology’. Journal of Architectural Education 54, 
no. 3 (1 February): 140–48.  
Harty, Chris. 2005. ‘Innovation in Construction: A Sociology of Technology 
Approach’. Building Research & Information 33, no. 6 (November): 512–22.  
Harty, Chris. 2008. ‘Implementing Innovation in Construction: Contexts, 
Relative Boundedness and Actor-Network Theory’. Construction Management 
and Economics 26, no. 10: 1029. 
Heijden, Jeroen van der and Jitske de Jong. 2009. ‘Towards a Better 
Understanding of Building Regulation’. Environment and Planning B: Planning 
and Design 36, no. 6: 1038–52. 
Henderson, Kathryn. 1991. ‘Flexible Sketches and Inflexible Data Bases: 
Visual Communication, Conscription Devices, and Boundary Objects in 
Design Engineering’. Science, Technology & Human Values 16, no. 4 (1 
October): 448–73. 
Imrie, R. 2007. ‘The Interrelationships between Building Regulations and 
Architects’ Practices’. Environment and Planning B Planning and Design 34, 
no. 5: 925. 
Imrie, Rob. 2004. ‘The Role of the Building Regulations in Achieving Housing 
Quality’. Environment and Planning B: Planning and Design 31, no. 3: 419–
37. 
Imrie, Rob, and Emma Street. 2009. ‘Risk, Regulation and the Practices of 
Architects’. Urban Studies 46, no. 12 (11 January): 2555–76.  
Imrie, Rob, and Emma Street. 2011. Architectural Design and Regulation. 
Chichester: Wiley-Blackwell. 
Isaacs, Nigel, Kay Saville-Smith, Michael Camilleri, and Lisa Burrough. 2010. 
‘Energy in New Zealand Houses: Comfort, Physics and Consumption’. 
Building Research & Information 38, no. 5: 470.  
Latour, Bruno. 1996. Aramis: Or the Love of Technology. Cambridge, Mass: 
Harvard University Press. 
Latour, Bruno. 1999. Pandora’s Hope: Essays on the Reality of Science 
Studies. Cambridge, Mass.: Harvard University Press. 
Latour, Bruno. 2005. Reassembling the Social: An Introduction to Actor-
Network-Theory. Oxford: Oxford University Press. 
Latour, Bruno, and A Yaneva. 2008. ‘Give Me a Gun and I Will Make All 
Buildings Move: An ANT’s View of Architecture’. In Geiser, Reto (ed.), 
Explorations in Architecture: Teaching, Design, Research, Basel: Birkhäuser. 
Lowe, R.J., J. Wingfield, M. Bell, and J.M. Bell. 2007. ‘Evidence for Heat 
Losses via Party Wall Cavities in Masonry Construction’. Building Services 
Engineering Research and Technology 28, no. 2 (1 May): 161–81.  
                                                                                                                                      
Miles-Shenton, Dominic, J. Wingfield, Ruth Sutton, and M. Bell. 2012. ‘Temple 
Avenue Field Trial Evaluation of Design and Construction Process and 
Measurement of Fabric Performance of New Build Dwellings’. 
http://www.leedsmet.ac.uk/as/cebe/projects/tap/tap_part1.pdf. 
Schweber, Libby, and Chris Harty. 2010. ‘Actors and Objects: A Socio‐
Technical Networks Approach to Technology Uptake in the Construction 
Sector’. Construction Management and Economics 28, no. 6: 657–74.  
Stevenson, Fionn, and Adrian Leaman. 2010. ‘Evaluating Housing 
Performance in Relation to Human Behaviour: New Challenges’. Building 
Research & Information 38, no. 5: 437. 
Stevenson, Fionn, and Hom B. Rijal. 2010. ‘Developing Occupancy Feedback 
from a Prototype to Improve Housing Production’. Building Research & 
Information 38, no. 5: 549.  
Tryggestad, Kjell, Susse Georg, and Tor Hernes. 2010. ‘Constructing 
Buildings and Design Ambitions’. Construction Management and Economics 
28, no. 6: 695–705. 
Van der Heijden, Jeroen, and Jitske De Jong. 2013. Towards a Better 
Understanding of Building Regulation. SSRN Scholarly Paper. Rochester, NY: 
Social Science Research Network, 21 January. 
http://papers.ssrn.com/abstract=2204177. 
Venturini, Tommaso. 2010. ‘Diving in Magma: How to Explore Controversies 
with Actor-Network Theory’. Public Understanding of Science 19, no. 3 (5 
January): 258–73.  
Whyte, Jennifer, and Sunila Lobo. 2010. ‘Coordination and Control in Project‐
based Work: Digital Objects and Infrastructures for Delivery’. Construction 
Management and Economics 28, no. 6 (June): 557–67.  
Williamson, Terry, Veronica Soebarto, and Antony Radford. 2010. ‘Comfort 
and Energy Use in Five Australian Award-Winning Houses: Regulated, 
Measured and Perceived’. Building Research & Information 38, no. 5: 509.  
Wingfield, J., M. Bell, Dominic Miles-Shenton, and Jenny Seavers. 2011. ‘Elm 
Tree Mews Field Trial – Evaluation and Monitoring of Dwellings Performance’. 
Leeds Metropolitan University, Centre for the Built Environment. 
http://www.leedsmet.ac.uk/as/cebe/projects/elmtree/elmtree_finalreport.pdf. 
Yaneva, A. n.d. ‘How Buildings “Surprise”: The Renovation of the Alte Aula in 
Vienna’. 
Yaneva, Albena. 2009. Made by the Office for Metropolitan Architecture: An 
Ethnography of Design. Rotterdam: 010 Publishers. 
Yaneva, Albena. 2012. Mapping Controversies in Architecture. Farnham: 
Ashgate. 
Zero Carbon Hub. 2009. ‘Defining a Fabric Energy Efficiency Standard for 
Zero Carbon Homes’. http://www.zerocarbonhub.org/resourcefiles/ZCH-
Defining-A-Fabric-Energy-Efficiency-Standard-Task-Group-
Recommendations.pdf. 
 
 
 Non Human Actors Human Actors Matters of concern 
1  Outline specification and plans issued by Architect 
2 Standard Assessment Procedure Architect, environmental 
engineer 
Energy performance 
3 Lifetime Homes, winter garden, windows, 
bathroom 
Architect Accessibility, airtightness, 
visual appearance 
4 Homes and Communities Agency, local 
authority 
Client Funding 
5 Scheme Development Standards, Lifetime 
Homes, Homes and Communities Agency 
Architect, Client Funding, accessibility 
6 Building fabric (Window, building envelope, 
wall, floor, doors) 
Environmental engineer, client, 
architect 
Energy performance 
7 Ventilation system Environmental engineer, client, 
architect 
Health of occupants, 
maintenance 
8  Planning application submitted 
9 Construction system, windows Architect, contractor, client Construction sequence, 
thermal performance, air 
tightness, cost 
10 Scheme Development Standards, winter 
garden, roof, Planning drawings  
Architect Funding, external 
appearance, construction 
sequence 
11 Planning drawings, Secured by Design. Architect, contractor, client Cost, energy performance, 
security, external 
appearance 
12 Scheme Development Standards Architect Funding 
13 Ground floor slab Architect, contractor Health and safety, 
sequencing of construction 
14 Lifetime Homes Architect Accessibility, funding 
15 Roof, airtightness membrane Architect Airtightness 
16 Services, airtightness membrane Architect, M & E engineer Airtightness, sequencing 
17 Building fabric Architect, environmental 
engineer 
Thermal bridges 
18  Building regulations application submitted 
19 Building fabric Architect, environmental 
engineer 
Thermal bridges 
20 Roof, insulation Architect, contractor Condensation, airtightness 
21 Services Architect, M & E engineer Sequencing 
22 Standard Assessment Procedure Architect, environmental 
engineer 
Energy performance 
23 Services, airtightness barrier Architect, M & E engineer Airtightness, sequencing 
24 Start on site   
25 Rooflights Contractor Energy performance 
26 MVHR unit Environmental engineer, 
ventilation supplier 
Energy performance 
27 Building fabric, airtightness membrane Contractor Airtightness 
28 Building fabric, airtightness membrane Contractor Airtightness 
29 Building fabric, airtightness membrane Contractor Airtightness 
30 Building fabric, Standard Assessment 
Procedure 
Contractor, environmental 
engineer, architect 
Airtightness 
31 End of construction period   
32 Building fabric, Standard Assessment 
Procedure 
Contractor, client, architect, 
environmental engineer, 
researchers 
Airtightness, thermal 
bridges, thermal 
performance. 
 
* Regulations and standards are highlighted in bold.  
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Figure 1 
Two prototype houses 
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Figure 2 
Change in fabric energy efficiency of the prototype house over the timeline of the 
project. 
 
Figure 3 
Translation of actors goals 
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Air tightness membrane model 
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